TITLE OF THE INVENTION 
HIGH ESTROGEN-SENSITIVE MEDAKA FISH 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-247729, filed August 17, 2000, the 
entire contents of which are incorporated herein by- 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to high estrogen- 
sensitive medaka fish, and more specifically, to 
transgenic medaka fish having a medaka-derived estrogen 
receptor gene introduced. 

The transgenic medaka fish of the present 
invention can be used to detect an estrogen-like 
endocrine disrupting chemicals, and also used as an 
experimental animal for elucidating development 
mechanism of thrombosis and as bioassay system for 
developing a therapeutic agent of thrombosis. 

2. Description of the Related Art 
Recently, the effects of chemical substances 

present in the environment upon endocrine system of an 
organism have been intensively studied, and have 
attracted a high interest increasingly. Since many 
chemical substances having endocrine disrupting 
activity upon an organism exhibit estrogen-like action. 



most of studies are directed to estrogen which is a 
female hormone. 

Pollution of rivers with such estrogen-like 
chemical substances has constituted a social problem on 
a global scale. To detect the estrogen-like chemical 
substances from a river in the present invention, we 
tried the use of medaka fish which has excellent 
features as an experimental animal. However, the 
medaka fish cannot be used as an aquatic animal for 
testing environmental water, since it is not sensitive 
even to an extremely small amount of estrogen. This 
problem was found for the first time by the present 
inventor in the course of making the present invention. 
BRIEF SUMMARY OF THE INVENTION 

The present invention was made to overcome the 
aforementioned problem. An object of the present 
invention is to provide transgenic medaka fish having 
sensitivity to a very small amount of estrogen. 
Another object of the present invention is to provide a 
method of producing medaka fish having one or more 
thrombi by using the transgenic medaka fish, and to 
provide the medaka fish having one or more thrombi 
produced by the method. A further object of the 
present invention is to provide a method of testing an 
estrogen-like acting substance by using the transgenic 
medaka fish. 

To attain the aforementioned objects, the present 
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inventor have succeeded in preparing transgenic medaka 
fish having a medaka-derived estrogen receptor gene 
introduced;, namely, high estrogen-sensitive medaka fish. 
The present invention was made based upon such 
5 achievement. 

To be more specific, the present invention was 
achieved by the means described below. 

(1) A polynucleotide having a nucleotide sequence 
represented by Sequence ID No: 1. 
Qg 10 (2) A polynucleotide comprising the nucleotide 

h| sequence from 211 to 1935 position represented by 

I p j Sequence ID No: 1. 

m ! 

I (3) A protein having an amino acid sequence 

encoded by the polynucleotide described in (2) . 
15 (4) A recombinant vector containing the 

polynucleotide described in (1) or (2) . 

(5) Transgenic medaka fish into which the 
polynucleotide described in (1) or (2) is introduced. 

(6) A method of producing medaka fish having one 
20 or more thrombi, comprising the step of raising the 

transgenic medaka fish described in (5) in the presence 
of estrogen. 

(7) Medaka fish having one or more thrombi, which 
is obtained by raising the transgenic medaka fish 

25 described in (5) in the presence of estrogen. 

(8) A method of testing an estrogen-like action 
in test water, comprising the steps of: 
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raising the transgenic medaka fish described in 
(5) in the test water; and 

observing whether or not one or more thrombi are 
formed in the medaka fish after the raising step. 

(9) The method described in (8), wherein the test 
water is water taken from environment. 

(10) The method described in (8), wherein the 
test water is water having a test substance added. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will. be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 

DETAILED DESCRIPTION OF THE INVENTION 
Now, the present invention will be explained in 
detail . 

In the present invention, the medaka fish to be 
used in cloning an estrogen receptor gene and the 
medaka fish to be used in introducing the cloned gene 
are not particularly limited, as long as they belong to 
a species Oryzias latipes . The medaka fish actually 
used in the present invention were obtained from the 
Bioscience Center, Nagoya University. The obtained 
medaka fish were grown while feeding Tetramin (Tetra) 
in an amount of about 1-10 mg/day. 
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It should be noted that fertilized eggs of the 
medaka fish cannot be deposited, because a technology 
for resuming the development of a f reeze-stored egg, as 
the need arises, has not yet been established. 
Therefore, the medaka fish used in the present 
invention are now raised under control of the present 
inventor with responsibility. As described in the 
above, the medaka fish to be used in the present 
invention are not limited to those raised by the 
present inventor, and any medaka fish may be used in 



^ 1 the present invention 



U} I {Cloning of Medaka-derived estrogen receptor gene} 



The medaka-derived estrogen receptor gene of the 
B \ present invention is cloned from liver cDNA library of 

15 adult medaka fish. More specifically, the medaka- 

derived estrogen receptor cDNA is cloned by preparing a 
probe based on a nucleotide sequence of a human-derived 
estrogen receptor gene and screening the above cDNA 
library by use of the probe. 

20 ~ The nucleotide sequence of the cloned estro^ 

receptor cDNA is determined, and the amip&^cld 
sequence predicted from the^jiucl^txde sequence is 
determined. The nuclep-^i^e sequence of the medaka- 
derived estr9.getireceptor cDNA and the amino acid 
sequeneeare shown by Sequence ID No: 1 in the Sequence 
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2^ 
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for expressing medaka estrogen receptor may have / 
arbitrary length, as long as it comprises at leaTst a 
coding region (i.e., the nucleotide seguenpe from 211 
to 1935 position represented by Sequep<5e ID No: 1) . 
Furthermore, in the present invep€ion, the amino acid 
sequence of the medaka estriSf^n receptor may also have 
deletion, addition and/^ substitution of one or 
several amino aci;^^ in the amino acid sequence 
represented by Sequence ID No: 1, as long as it has the 
same fupcdtxon as the protein consisting of the amino 
aci/l sequence represented by Sequence ID No: 1. 
{Preparation of Recombinant vector} 
The medaka-derived estrogen receptor cDNA cloned 
by the aforementioned method is introduced into a 
vector. The introduction of the cDNA into a vector can 
be performed in accordance with a known genetic 
engineering process. In this manner, it is possible to 
prepare a recombinant vector into which the medaka- 
derived estrogen receptor gene is inserted. 

The vector to be used in the present invention is 
not particularly limited, as long as it can express the 
protein encoded by a foreign gene inserted therein. In 
the present invention, it is preferable to use a 
plasmid having a promoter sequence and a poly (A) 
signal sequence, as a vector. For example, as 
described later in examples, a new plasmid vector is 
constructed by purifying each DNA fragment from another 



plasmid containing a DNA fragment of a medaka actin 
promoter and from another plasmid containing a DNA 
fragment of a SV40 poly (A) signal, and the resultant 
plasmid vector may be used. 

{Preparation of Transgenic medaka fish} 
The recombinant vector prepared as mentioned above 
is transferred into a nucleus of a medaka fertilized 
egg, thereby preparing transgenic medaka fish capable 
of expressing the estrogen receptor gene in an 
excessive amount. As the medaka fertilized egg to be 
transformed in the present invention, an embryo at a 
single-cell stage or a two-cell stage within one hour 
after fertilization is preferable- The recombinant 
vector can be transferred into the fertilized egg by 
means of a known microinjection procedure. 

The fertilized eggs which have been subjected to 
the gene transfer operation are preferably hatched in a 
medaka physiological saline solution (7.5 g/L NaCl, 
0.2 g/L KCL, 0.2 g/L CaCl2, 0.02 g/L NaHCOs) at 25-28t:. 
The hatched medaka fish are raised for about 4 months 
until they become adult fish. 

From the adult fish, the fish actually having the 
gene introduced are screened by the following method. 
A DNA is first extracted from the adult fish. Then, 
from the extracted UNA, the estrogen receptor gene is 
amplified by a PGR, and the amplified DNA fragment is 
subjected to electrophoresis. The estrogen receptor 
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gene inherently present in the chromosome of wild 
medaka fish has intron, whereas the estrogen receptor 
gene introduced into the medaka fish herein is a cDNA 
having no intron. Therefore, two types of estrogen 
5 receptor genes can be distinguished by electrophoresis 

on the basis of the difference of the size of DNA bands 
By such procedure, it is possible to screen the medaka 
fish having the gene successfully introduced. However, 
^i'w j it is not clear whether or not the estrogen receptor 

;Xri" 10 gene is introduced into the chromosome of a germ cell 

y| (sperm or egg) of the medaka fish screened in this step 

0 [ Subsequently, the medaka fish having the estrogen 

p receptor gene introduced into the chromosome of a germ 

jib;"-, ' 

f-; ; cell are screened by the following method- The medaka 

15 fish which has been confirmed to have the gene 

introduced by the aforementioned method is crossed with 
j wild medaka fish, thereby obtaining offspring. If the 

medaka fish inheriting the estrogen receptor gene 
introduced is identified among the offspring, its 
20 parent turns out to be desired medaka fish having the 

estrogen receptor gene introduced in the chromosome of 
a germ cell. Whether or not the medaka offspring 
inherits the introduced gene can be identified, in the 
same way, by electrophoresis on the basis of the 
25 difference of the size of DNA bands between the 

introduced gene and the inherent gene. 

The screened medaka fish having the estrogen 
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receptor gene introduced in the chromosome can inherit 
the gene from generation to generation. Such medaka 
fish corresponds to a desired transgenic medaka fish of 
the present invention. 
5 The expression of the estrogen receptor gene in 

the transgenic medaka fish of the present invention was 
checked by RT-PCR, and it was confirmed that the 
estrogen receptor gene was actually expressed. On the 
other hand^ the expression of the estrogen receptor 
IB I 10 gene was rarely detected in wild medaka fish. As 

„ :f '1' I 

; described above,- the transgenic medaka fish of the 

r?l present invention has a large number of estrogen 
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receptors by the expression of the introduced gene. 
For this reason, the transgenic medaka fish of the 
I 15 present invention shows sensitivity even to a very 

' small amount of estrogen. 

I {Preparation of Medaka fish having one or more 

thrombi } 

In the present invention, it was found that the 
20 medaka fish having one or more thrombi can be prepared, 

even if the transgenic medaka fish of the present 
invention is raised in the presence of estrogen whose 
concentration is lower than that capable of inducing 
the formation of a thrombus in wild medaka fish. 
25 As the transgenic medaka fish to be used for the 

formation of a thrombus, it is preferable to employ an 
embryo within 12-24 hours after fertilization, because 
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the formation of a thrombus in the embryo can be easily 
observed under a dissecting microscope. To form a 
thrombus in the transgenic medaka fish of the present 
invention, it is sufficient to contain estrogen in the 
5 concentration of 10-20 ng/L, preferably 100-200 ng/L, 

in the environment for raising medaka fish. It is 
noted that wild medaka fish require estrogen in the 
concentration of 4 mg/L or more in order to form a 
n I thrombus. As the term of raising the medaka fish in 

fjfj j 10 the presence of estrogen, a period of three to four 

j^,. ] days is necessary for the formation of a thrombus. The 



growth conditions may be the same as those generally 
employed for raising medaka fish. 
' It is possible to confirm the formation of a 

15 thrombus under a dissecting microscope. 

The medaka fish having one or more thrombi 
prepared in this manner is useful for studying therapy 
of thrombosis. 

{Method of testing an Estrogen-like acting 
20 substance} 

The presence or absence of the estrogen-like 
acting substance can be detected by growing the 
transgenic medaka fish of the present invention in test 
water to be checked for the estrogen-like action and 
2 5 then observing whether or not a thrombus is formed in 

the medaka fish. 

As the transgenic medaka fish to be used in order 



to detect an estrogen-like acting substance, an embryo 
within 12-24 hours after fertilization is preferable 
because it is easily observed under a dissecting 
microscope . 

The "test water" used herein may be either water 
collected from the environment (river etc.), which may 
perhaps contain an estrogen-like acting substance, or 
water added a chemical substance, which may perhaps act 
like estrogen, as a test substance. When the former 
water taken from the environment is used, it is 
possible to detect the presence or absence of the 
estrogen-like acting substance in the environmental 
water- When the latter water added a test substance is 
used, the estrogen-like action of the test substance 
can be checked. 

When the test substance is added to the test water 
it is preferable to set a concentration thereof at 
10 ng/L to 1 mg/L. As the period for raising the 
medaka fish in the test water, 3-6 days are appropriate 
The growth conditions may be the same as those usually 
raising medaka fish. 

It is possible to observe the formation of a 
thrombus under a dissecting microscope. 

In fact, an estrogen-like acting chemical 
substance is known to have an endocrine disrupting 
action even in an extremely small amount. Therefore, 
the transgenic high estrogen-sensitive medaka fish of 
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the present invention is very useful in both the 
aforementioned tests of the environmental water and the 
test substance. 
[Examples] 

5 Now, examples of the present invention will be 

explained. 

Cloning of Medaka-derived estrogen receptor cDNA 

1. Construction of liver cDNA library of Medaka 
Total RNA (10 mg) was obtained from 20 livers of 

10 female adult medaka fish by use of RNeasy Maxi Kit 

(QIAGEN #75162) in accordance with the attached 
protocol. Then, mRNA (100 iiq) was isolated from the 
obtained total RNA by using Oligotex TM-dT30<Super> 
(TaKaRa w9021B) in accordance with the attached 

15 protocol. Using the isolated mRNA, cDNA (about 10 fxg) 

was synthesized by a cDNA Synthesis Kit (STRATAGENE 
SC200401) in accordance with the attached protocol. 
The synthesized cDNA (1 jug) was ligated with AZAPII 
(STRATAGENE SC237211) (1 jjg) by using Ligation High 

20 (STRATAGENE LGK-101) in accordance with the attached 

protocol. The total amount of the reaction solution is 
packaged by using Gigapack III Packaging Extracts 
(STRATAGENE SC200202) in accordance with the attached 
protocol. In this manner, a cDNA library constituted 

25 of about one million phages was prepared. 

2. Screening 

Plasmid pOR8 (about 1 iig) having a human-derived 
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estrogen receptor cDNA (Nature, Vol. 320, pages 134-139, 
1986) was digested with a restriction enzyme EcoRl, and 
then the total amount containing the digested fragments 
was subjected to electrophoresis on 1.0% agarose gel. 
5 After the gel was stained with ethidium bromide, a 

piece of the gel containing an estrogen receptor cDNA 
fragment (about 2.1 kb) was excised out, while the 
size of the DNA fragment was checked on a UV 
transilluminator . From the gel piece, the estrogen 
Cvl ; 10 receptor cDNA fragment was purified by using Ultrafree- 

as . 

j^lj j MC (Millipore) in accordance with the attached protocol. 

Qpf Using the purified cDNA fragment as a probe, the 

m i 

aforementioned cDNA library was screened by the method 
described in "Molecular cloning - a laboratory manual" 
15 (Second edition, J. Sambrook, E.F. Fritsch, T. Maniatis, 

Cold Spring Harbor Laboratory Press, Pages 2, 108-2, 125, 
• 1989) . In this manner, a recombinant phage having a 

Medaka estrogen receptor cDNA was isolated. From the 
isolated phage, plasmid pMER having the Medaka estrogen 
20 receptor cDNA was obtained by using an ExAssist*^^ 

helper phage (STRATAGENE SC237211) in accordance with 
the attached protocol. 

3. Determination of Nucleotide Sequence 
The nucleotide sequence was analyzed by a Dye 
25 Terminator Cycle Sequencing method using an Applied 

Biosystems 373A DNA Autosequencer . As a result of the 
nucleotide sequence analysis, it was found that the 



fli 



obtained cDNA encodes a protein consisting of 620 amino 
acids, and that the amino acid sequence of the protein 
has a high homology with those of estrogen receptors of 
human and other vertebrates. Therefore, it is conceiv- 
able that the cDNA encodes Medaka estrogen receptor. 

Preparation of Plasmid pQL22 to be injected in 
Medaka fertilized eggs 

To express the above isolated Medaka estrogen 
receptor cDNA in a cell of medaka fish, a promoter 
derived from a medaka jS -actin gene was ligated to the 
upstream of the 5' end of the cDNA, and an SV40 virus- 
derived poly (A) addition signal was ligated to the 
downstream of the 3' end of the cDNA. Plasmid pOL22 
having such chimera gene was prepared by the following 
method. 

1. Plasmid pOBA-109 (about 1 jug) (Molecular 
Marine Biology and Biotechnology, Vol. 3, pages 192-199, 
1994) having a medaka jS -actin promoter was digested 
with two types of restriction enzymes of SphI (TOYOBO) 
and PstI (TOYOBO) in accordance with the attached 
protocol. After the reaction solution was treated at 
70°C for 10 minutes, the total amount of the solution 
was further treated with Klenow polymerase (TOYOBO) 
(2 mL) in accordance with the attached protocol. 
Thereafter, the reaction solution was treated at 70°C 
for 10 minutes, and then the total amount of the 
solution was subjected to electrophoresis on 1.0% 



agarose gel. As a result, a gel piece containing about 
3.5 kb of a medaka jS-actin promoter DNA fragment was 
excised out. From the excised gel piece, the medaka 
j3 -actin promoter DNA fragment was purified by using 
Ultrafree-MC (Millipore) in accordance with the 
attached protocol. 

2. Plasmid pS65T-Cl (about 1 jj.g) (Clontech) 
having the SV40 poly (A) signal was digested with two 
types of restriction enzymes of Asel (TOYOBO) and Nhel 
(TOYOBO) in accordance with the attached protocol. 
After the reaction solution was treated at TO'C for 

10 minutes, the total amount of the solution was 
further treated with Klenow polymerase (TOYOBO) (2 juL) 
in accordance with the attached protocol. Thereafter, 
the reaction solution was treated at 70°C for 10 minutes 
Bacterial alkaline phosphatase (TOYOBO) (2 juL) was 
added thereto, and the resultant solution was mixed and 
reacted at 60°C for 2 hours. The total amount of the 
reaction solution was subjected to electrophoresis on 
1-0% agarose gel, and a gel piece containing about 
4-1 kb of the SV40 poly (A) signal DNA fragment was 
excised out. From the gel piece, the SV40 poly (A) 
signal DNA fragment was purified by using Ultrafree-MC 
(Millipore) in accordance with the attached protocol. 

3. Two DNA fragments purified in the above (5 jtzL 
for each) each containing 0.1 ixg of DNA were mixed with 
10 of solution I (TaKaRa) of DNA Ligation System Ver 



2, and the mixture was incubated at 16X: for about 
12 hours. In this manner, the two DNA fragments were 
ligated to each other. Using the resultant reaction 
solution (10 juL) , E. coli DH5 ct (TaKaRa, #9057) was 
transformed. From the obtained transf ormants, a 
plasmid was isolated by using NucleoBond Plasmid Kit 
(Clontech #K3001-1) . The isolated plasmid was 
designated as pOL21. 

4. Plasmid pOL21 (about 1 nq) was digested with a 
restriction enzyme Sail (TOYOBO) in accordance with the 
attached protocol. After the reaction solution was 
treated at lOX: for 10 minutes, the total amount of the 
solution was further treated with Klenow polymerase 
(TOYOBO) (2 ^L) in accordance with the attached 
protocol. Thereafter, the reaction solution was 
treated at 70^ for 10 minutes. Bacterial alkaline 
phosphatase (TOYOBO) (2 ^L) was added thereto, and the 
resultant solution was mixed and reacted at GOV, for 
2 hours. The total amount of the reaction solution was 
subjected to electrophoresis on 1.0% agarose gel, and a 
gel piece containing about 7 . 1 kb of a DNA fragment was 
excised out. From the gel piece, the DNA fragment was 
purified by using Ultrafree-MC (Millipore) in 
accordance with the attached protocol. 

5. To amplify the medaka estrogenrece£tQji:^--G©Nff, 
a reaction soQAitioa^S-O'TIlT'forTc^ prepared, in 
acci>f<JSncewith the attached protocol, by using plasmid 
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pMER (10 ng) as a template; 25 pmole of Primer 1 (5'- 
TCGGTGACATGTACCCTGAA-3* ) (Sequence ID No: 2) and 25 
pmole of Primer 2 ( 5 ' -CTGTGTGCTCAGTCTTGAAG-3 ' ) 
(Sequence ID No: 3); and KOD polymerase (T0Y0B0)/(1 jllIj) 
5 PGR was performed by repeating 25 cycles of tHe 

following program: 98°C for 15 seconds, 65^^ for 
2 seconds, and 74^ for 30 seconds. Af1>er the reaction, 
the reaction solution containing the/PCR product was 
I stored at 4°C. An aliquot (5 /iL)/of the reaction 

iXj ' 10 solution containing the PGR product was subjected to 



iM electrophoresis on 1% aga2r,0se gel. As a result, it was 

i confirmed that the mol^jelular size of the PGR product is 

~ I about the same as ttjat of a desired product (1.8 kb) . 

s \ 

jyi ; From the remaininj^ reaction solution, the amplified DNA 

III : 15 fragment was p^k^rified by using SUPREC™_02 (TaKaRa) in 

p accordance with the attached protocol. The total 

amount of/ the purified DNA fragment was phosphated with 
2 a/ T4 kinase (TOYOBO) in accordance with the 

attached protocol. After the reaction, the resultant 
20 solution was treated at 70''C for 10 minutes. 

The DNA fragments (0.1 jag for each) finally 
obtained in the above steps 4 and 5 were ligated by 
using DNA Ligation System Ver.2 (TaKaRa) in accordance 
with the attached protocol. Using the resultant 
25 reaction solution (10 /zL) , E. coli DH5 a (TaKaRa 

#9057) was transformed. From the obtained 
transf ormants , a plasmid was isolated by using 



NucleoBond Plasmid Kit (Clontech #K3001-1) . The 
isolated plasmid was designated as pOL22. 

Method of Preparing Transgenic Medaka Fish 
1. About 500 of the medaka-f ertilized eggs either 
at a single-cell stage or a two-cell stage were taken 
within one hour after fertilization, and stored at 6°C 
until DNA injection. About 100 pL of DNA solution 
(containing 10 iiq of plasmid pOL 22 per 1 mL) was 
injected into the cytoplasm of the fertilized egg by 
using a glass tube with a sharp end under a dissecting 
microscope. Thereafter, the fertilized eggs were 
divided into groups each consisting of 50 eggs. 
50 eggs of each group were incubated at 25X: in 40 mL of 
medaka physiological saline solution (containing 7.5 g 
of NaCl, 0.2 g of KCl, 0.2 g of CaCl2, and 0.02 g of 
NaHC03 per liter) until they were hatched. As a result, 
about half of eggs were hatched. The hatched eggs were 
transferred to a water tank, and raised by feeding with 
Tetramin (Tetra) for about 4 months until they became 
adult fish. More specifically, the amount of Tetramin 
per day was set so as not to leave, and it was fed by 
dividing into three times in a day. As a result, about 
50 medaka fish survived until they became adult fish. 
JX/ Ns^ Half of each caudal fin from the surviveda^uif"^ 
fish was cut off with scissor\s^^^___I)N^^ was 
extracted separat^ty^-^^^rom each of the cut caudal fins 

extraction kit ISOHAIR (WAKO) in 
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accordance with the attached protocol. A reactior 
solution (100 mL) for PGR was prepared, in accordance 
with the attached protocol, by using the ext:^acted DNA 
(1 /iL) ; two types of primers Fl (5'- 

CTTCCGTGTGCTCAAACTCA-3 • (Sequence ID Noy^4 ) ) and Rl 
(5 ' -GTAGGAGGTCATAAAGAGGG-3 • (Sequence/TD No: 5)) 
(50 pmole for each); and Ex Taq (Ta^aRa Ex Taq RROOIB) 
(1 /zL) . After initial denaturing at 94''C for 2 minutes, 
PGR was performed by repeating^ 30 cycles of the 
following program: 94"^ f or seconds, 60X: for 
30 seconds, and 72°C for /o seconds. Finally, the 
resultant solution was /Reacted at 72°C for 6 minutes, 
and then it was stor^ at 4°C. An aliquot (10 /iL) of 
the PGR solution containing the PGR product was 
subjected to electrophoresis on 1% agarose gel. In the 
case of medaka^ fish having no chimera gene injected, 
about 1 kb DNA band was detected, which was derived 
from ampli^cation of estrogen receptor gene inherently 
present /n the chromosome of wild medaka fish. In 
contrast, in the case of medaka fish having a chimera 
gene/xnjected, a 320 bp of DNA band derived from the 
chilnera gene was detected in addition to the above 

/ 
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kb of band. As a result, eight medaka fish 
\itl[} the chimera gene were obtained. 



^ N 3. Eight medaka fish with the chimera gene wej 
individually crossed with wildj[ied^ka---^irsTr^ From each 
parent medaka— fl'sh, one hundred offspring were raised 
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until they became adult fish. DNA (20 mL) was 
extracted from each caudal fin of these offspr/ing by 
use of a DNA extraction kit ISOHAIR (WAKO) ii 
accordance with the attached protocol. A r4action 
solution (100 juL) for PGR was prepared, yn accordance 
with the attached protocol, by using theT extracted DNA 
(1 AiL) ; two types of primers ( 5 ' -CTTCOGTGTGCTCAAACTCA- 
3») (Sequence ID No: 4) and ( 5 ' -GTAGGAGGTCATAAAGAGGG- 
3') (Sequence ID No: 5) (50 pmole f/br each); and Ex Taq 
(TaKaRa Ex Tag RROOIB) (1 mD • Mter initial 
denaturing at 94°C for 2 minutes/ PGR was performed by 
repeating 30 cycles of the foMowing program: 94''C for 
30 seconds, SO^'C for 30 seco/ds, and 72°C for 90 seconds. 
Finally, the resultant soLation was reacted at 72°C for 
6 minutes, and then it w/s stored at 4^:. An aliquot 
(10 mL) of the PGR solvation containing the PGR product 
was subjected to elecnirophoresis on 1% agarose gel. 
The offspring medal^ fish having a 320 bp of DNA band 
derived from the /fchimera gene was identified as 
transgenic meda^a fish. As a result, only two of 
original eight medaka fish actually transferred the 
chimera gen4 into their offspring. Therefore, two 
strains transgenic medaka fish (designated as 
strains/A and G) were obtained. The number of the 
transonic medaka fish obtained herein was small. 
However, these transgenic medaka fish were crossed with 
wi/d medaka fish, and thereby more than about 100 
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transgenic medaka fish have been maintained forej 
strain. In both strains of the transq^nitrlnedaka fish, 
about half of offspring obt^n€^by crossing with wild 
medaka fish have tiie'-chimera gene. From this, it was 
found tha^elther one of two homologous chromosomes had 
th^-'^iniera gene. 

Expression of Chimera Gene in Transgenic Medaka 

Fish 

^ The fact that the strains A and C of they 



10 transgenic medaka fish produce a mRNA encod/ng estrogen 

receptor in a larger amount than wild med&ka fish, was 
demonstrated by the following method. /rnA (30 mL) was 
extracted from about 30 fertilized e^gs which were 
obtained by crossing the transgenic medaka with wild 
15 medaka fish and about 30 fertili/ted eggs which were 

obtained by mutual mating bet/een wild medaka fish, by 
use of an RNeasy Mini Kit CQIAGEN) in accordance with 
the attached protocol. ^en, a reaction solution 
(50 juL) for RT-PCR was^prepared by using the extracted 
20 RNA (1 juL) ; three types of primers (50 pmole for each): 

Fl (Sequence ID Noi/ 4), Rl (Sequence ID No: 5) 
mentioned above^ and R2 ( 5 ' -GAGGGACTTTGTTCTTGCAC-3 ' ) 
(Sequence ID/No: 6); and Ready-To-Go RT-PCR Beads 
(AmershamXarmacia Biotech #27-9267-01) in accordance 
25 with tb^ttached protocol. After performing initial 

reactions at A2X: for 30 minutes and 95"^ for 5 minutes, 
RT-/tjZfR was performed by repeating the 30 cycles of the 



following program: 95°C for 30 seconds, 60°C for 
30 seconds, and 72'C for 90 seconds. After como^Letion 
of the reaction, the reaction solution was stored at 4°C, 
An aliquot (10 /iL) of the RT-PCR solution wa/ subjected 
to electrophoresis on 1% agarose gel. Thereafter, DNA 



ner in 



on the gel was transferred onto a membrane 
accordance with the method described in /Molecular 
cloning - a laboratory manual" (Second /fedition, J. 
Sambrook, E. F. Fritsch, T. ManiatisyCold Spring 
Harbor Laboratory Press, Pages 9.31/9.62, 1989). Then, 
Southern Hybridization was perfor/ed by using an EcoRI- 
Sall fragment (354 bp) of the e/trogen receptor cDNA as 
a probe. A clear band of abo/t 300 bp was detected in 
the fertilized eggs derived/from the strains A and C of 
the transgenic medaka fis/. Since the band from the 
strain C was nearly twLte as dense as that from the 
strain A, it is conce/vable that the strain C of the 
transgenic medaka f/sh produce the mRNA encoding 
estrogen receptoi/ in an larger amount than the strain A 
of the transgerloc medaka fish. However, no band was 
detected in/fche fertilized eggs derived from the wild 
medaka fis^. From this fact, it is conceivable that 
the exp3i4ssion amount of the estrogen receptor mRNA is 
significantly low in the fertilized eggs from the wild 
meda'ica fish. 
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Formation of Thrombus by Estrogen in Transgenic 
Medaka Fish 

Medaka physiological saline solutions (40 mL for 
each) containing 17 jS -estradiol in an amount of 2 ng/L, 
5 20 ng/L, 200 ng/L, 2 /ig/L, 1 mg/L, and 4 mg/L were 

supplied in culture plates, respectively. Three sets 
were prepared for each concentration. About 30 
fertilized eggs (W) of 12-hours after fertilization 
p;;. , which were obtained by mutual mating between wild 

\ 10 medaka fish, were placed in the first set of culture 

I plates. About 30 fertilized eggs (A) of 12-hours after 

f?" 1 fertilization which were obtained by crossing the 

S! 1 

i?'-^ j strain A of the transgenic medaka fish with wild medaka 

CI? fish, were placed in the second set of culture plates. 

" ! 

ril I 15 About 30 fertilized eggs (C) of 12-hours after 

Q I fertilization which were obtained by crossing the 

strain C of the transgenic medaka fish with wild medaka 
' fish, were placed in the third set of culture plates. 

After the culture plates were incubated at 25°C for 
20 3 days, medaka embryos were checked under dissecting 

microscope with respect to formation of a thrombus. 

In almost 100% of the fertilized eggs (W) , one or 
more thrombi were formed at the concentration of 4 mg/L 
of 17 j3 -estradiol, but were not observed at the 
25 concentration of less than 4 mg/L. 1%, 3%, 8%, 49%, 

55%, and 100% of the fertilized eggs (A) caused the 
formation of the thrombi at the concentrations of 



2 ng/L, 20 ng/L, 200 ng/L, 2 jug/L, 1 mg/L, and 4 mg/L 
of 17 i3 -estradiol, respectively. 19%, 41%, 75%, 73%, 
60%, and 100% of the fertilized eggs (C) caused the 
formation of the thrombi at the same concentrations as 
mentioned above, respectively. It was therefore 
demonstrated that the estrogen sensitivities of 
fertilized eggs (A) and (C) are thousand times and 
hundred thousand times as high as that of the wild 
medaka fish, respectively. 
{Effect of the present invention} 

As described in the foregoing, the transgenic 
medaka fish of the present invention is high sensitive 
to an extremely low amount of estrogen, compared to 
non-transgenic medaka fish (i.e., wild medaka fish). 
Therefore, the transgenic medaka fish of the present 
invention is very useful as a novel aquatic animal 
whereby a very small amount of estrogen-like acting 
substance present in the environment can be detected 
quickly, easily, continuously, and inexpensively. By 
use of such a novel aquatic animal, it is possible to 
detect water pollution of rivers with an estrogen-like 
acting substance which is a social problem. 

Also, if the fertilized eggs of the transgenic 
medaka fish of the present invention are raised in 
estrogen-containing water, it is possible to observe 
the formation of thrombus in a blood vessel. Therefore 
the transgenic medaka fish of the present invention is 



useful as an experimental animal for elucidating the 
development mechanism of thrombosis caused by intake of 
estrogen due to the use of oral contraceptive and 
hormonotherapy in human. The animals conventionally 
used in thrombosis studies are rats and rabbits. 
However, they are expensive as experimental animal. In 
addition, the formation of a thrombus must be checked 
by injecting an angiographic agent followed by using a 
specific device. In contrast, the medaka fish used in 
the present invention has advantages of inexpensiveness 
and easiness. More specifically, since its fertilized 
egg is transparent, the thrombus can be observed easily 
and continuously under a dissecting microscope. 
Moreover, it is easy to prepare a sample for its 
biochemical analysis . 

Furthermore, the transgenic medaka fish of the 
present invention can be used as a model animal for 
bioassay system of thrombosis, when a therapeutic agent 
of thrombosis is developed. Although the therapeutic 
agent of thrombosis has been developed based on 
administration by injection up to now, the use of the 
medaka fish of the present invention makes it possible 
to screen an oral therapeutic agent of thrombosis on a 

large scale. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 



the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



